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Aprovecho: An Introduction 



A provecho Research Center has been 
fj round since 1991 . when a bunch of 
road-weary (and itchy} consultants to 
foreign aid agencies, including the Peace 
corps, USAID, GTZ, etc,, bought 10 acres of 
land near Eugene, Oregon and began to study 
seriously what they had once taken for 
granted as u nders 1 1 )od Fi\ i ; yea rs previous! y 
in Uiiatem.-d.fl, these appropriate technologists 
had helped to invent a sand and day stove 
called the Lorena which had become " fa- 
mous." Until returning to the cool hills of Or- 
es™. the consultants had been teaching 
people alt around the poorer and hotter parts 
of the world (visiting 60 countries] about this 
neat stove They had been idling everyone 
rhat the stove saved a lot of firewood fn fact, 
they very much liked rheir lovely invention 
and were proud of it. 


Living with a very public mistake helped to 
dedicate stall to finding out what does work, 
: md then to try to teach about facts, not fads. 
This formative experience exposed staff to the 
negative repercussions of' bragging about how 
great an invention performs it made the new 
generation of Aprovecho researchers a mure 
cautious bunch, 
aware of 
inventor's 
pride. 


It turned out that the Lorena, while lik- 
able in many respects, did not really save 
fuel. In l act, scientists who examined 
Aprovecho 's trail of work around the 
globe frequently found that indoor open 
fires could be more fuel-efficient than, the 
pretty Lorena, Reading the bad reviews 
flowing down from academia forced a re- 
examination of the assumptions that had 
gone into the design of the Lorena, The 
researchers at Aprovecho, now a nop. 
profit land trust, spent a lot of 
time trying to figure out 
what had go n e 
wto tig in this popu- 
lar design. 


The "dunking cW" m tk shop frequently occupied by puffed looking 
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After years nl investigation,! and consultations 
with a mechanical engineer who specializes 
in combustion (Cr burry Wimareki j, 
Aprovecho staff began to know a bit more 
about tires and cooking. Un/fi new design, 
the Rocket stove, coupled with an insulated 
cooker made from hay or straw, could cook 
food using one half to one quarter the. wood 
compared to co ok i ng sn t he trad it ion : j wav - 
a fire made between three stones that field 
up the pot. The roa d had been long a i id some- 
what rooky. But eventually, experimentation 
and study did manage to provide a more ac- 
curate picture of fire, heat, and how lq design 
stoves. Out new designs use less firewood mid 
produce less smoke. 

The Gapfu nng He&i senes of book le Ls attempts 
io summar ize what we have Tear ned about Ap- 
propriate Technology in the last 1 9 years. Cap- 
turing Heat One shares a cooking system that 
uses both direct and stored solar- energy [bio- 
mass) . La Try ha s 1 ed our i nvesti gations i t i to this 
field. Most of the true "in vent inns' explained 
in Cflptuhrtg He&i One are his and the same 
continues to be true in this second booklet 

Dr Winiar&ki is a rare and gifted person. Mi- 
ls a born t cache r a nd ha i Lds-ot 1 1 in !■ < c TC -i ■ ‘ b " 
has gained a feeling for how things work. 
Aprovecho's investigations imo simply ■mud u 
wood stoves and his explanations of thermo- 
dynamics unexpectedly taught our team 
about a whole range of unexpected applica- 
tions: from wood stoves to solar i cokers and 
then all the way to solar houses. The rule of 
mass and insulation in stoves and houses be- 
came a great concern of the Appropriate Tech- 
nology staff as we realized that the concepts 
were frequently misunderstood. Studying 
how things get hot also seems to have uncov- 
ered a few oversimplificat ions made by some 
noted solar architects. 

Modern instruments, such as py nanometers 
[that measure sunlight) and data loggers 


made it possible for os to measure how well 
various apparatus worked. We. could accu- 
rately measure, for in stance, what, peiccm- 
agfi of the energy from sunlight made it into 
the pots In a solar cooker Data loggers could 
track temperatures and relative humidity m- 
ssde both straw bale and cob walls, Repeated 
and careful experiments on wood stoves were 
necessary to determine the success and fail- 
ure of cherished designs Our best experi- 
ments often resulted in findings that were 
co m pie rely un expect e d. 

Again and again our expectations were con- 
founded by evidence, from experiments. But 
It was only because of experimenting that de- 
signs eventually performed more efficiently 
The whole first generation of Aprovecho de- 
signs were replaced as evidence pointed am 
primary errors in design. What became obv i- 
ous was often m direct opposition to gener- 
ally accepted beliefs. More than once, cur re- 
sults slammed us against commonly accepted 
paradigms and it took a while [sometimes a 
vest or two) for us to recognize the implica- 
tions of the evidence right in front of our eyes, 

You are invited to join Aprovecho in an intel- 
lectual adventure, one. whose goal is the less- 
nung ot suffering. The trail of investigation 
begins with stoves but it continues to solar 
houses. Capturing Heat i hme and Capturing 
Heat Four visit beat exchangers, heating 
stoves, and simpler geodesics, natural houses 
made from cob and straw and the like. We 
hope to share some simple math and a bit oi 
thermodynamics so that anyone can analyze 
and determine what, is a ;act and what is only 
a fad, Hyped-up fads concentrate optimism 
and attention but ail too often do not success- 
fully move optimistic people on to viable 
alternatives. 

Given the choice, Aprovecho instructors 
would much rather teach someone how to be 
a designer instead of promoting particular 
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designs. The intention is to give you the nec- 
essary facts to, in this case, successfully de- 
sign wood stoves for baking and cooking and 
teach you the rudiments of water heating. All 
of the dean; ns are meant Lobe 'appropriate," 
which, simply put, means thal you shouid be 
abk to both make and repair the device from 
locally available, inexpensive materials. 

The "best" A.T. design would be the One that 
can be replicated in most any town around 
the world, built on site tor use locally, and 
made from vernacular materials. It's prefer- 
able if the lie vice is designed on sate with lo- 
cal inpuL. A goal of the Appropriate Technol- 
ogy movement is to involve people jn rhe 
technologies they use. In industrialized coun- 
tries many people are psychologically re- 
moved from the technologies that support 
them. This distance and lack of understand- 
ing can eas ily re suit in a fee ling of alienation . 
An important part of the philosophy behind 
A, I is to encourage a fondness fur and famil- 
iarity with designing and living using cultur- 
ally compatible tools, 

Residents at Aprovecho share a common be- 
lief in voluntary simplicity. In my case a pref- 
erence for simplicity stems from mostly self- 
ish reasons. Living with less allows a great 
deal more personal time to pursue tine's own 
fascinations It's mote fun to accomplish more 
by needing less. Trying to build things that 
wor k, out of vernacular materials available 
to poor people in various- countries, results 
2 n very inexpensive experiments. Therefore, 
lack ur money doesn't slow down out progress 
very much, The "mud-tech" science of help- 
ing isn't dependent on grants or tied do direc- 
tion from funding agencies. We can follow our 
own crooked-enough noses. 



The Research Center 

Aprovecho Research Center is located on a 
4 D- acre farm and woodland, There is .j beau- 
tiful acre-and-a-half garden that provides al- 
most all of our fresh produce. The woods are 
managed to supply both lumber and firewood 
for heating and cooking while steadily becom- 
ing both healthier and more productive. 

Aprovecho classes and research arc divided 
into four main areas: Organic Gardening, Sus- 
tainable Forestry, Indigenous Skills, and Ap- 
propriate Technology. Our school teaches 
these four subjects to mostly college-aged or 
older interns. This book concentrates on AT. 
bui it is only one fourth, and certainly not 
the most important quarter, of our investiga- 
tions into bow to live sustainably. (Car I .Jung, 
in a famous rebuttal to Freud’s insist e nr c ■ n 
the preeminence of infantile sexuality, agreed 
with farmers worldwide when he pointed out 
that sustenance surely loads the hierarchy of 
needs.] 

The self-guided tour described here intro- 
duces you to Home of the major Features of 
the Research Center. Please visit whenevre 
you're in the neighborhood! You're also wel- 
come to come for our monthly Open House, 
the first Sunday of each month at 2:00 pm, 
when you an receive a full gulfed tour ot 
the Center 


Self-Guided Tour 

l* Straw Bale Derm if ary 

This experimental and demonstration build- 
ing was constructed in l$m-7 with funding 
from the Oregon Department of Agriculture, 
the Woodard Family Foundation, the Rose 
I u cker C ha rtta hi e i tu s-t, and m:i i i v go i isrous 
members of Aprovecho. The post -a nd-beam 
framing, built mainly with wood from 
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AprovccViQ p s fart 1 ! fit, supports the structure 
while straw bales provide the in fill and insti- 
tatLon for the passive soUr building. Sensors 
embedded in the straw monitor relative hu- 
midity »f the hales in order to determine 
whethe r die straw car- last in ibis damp cli- 
mate. This building is the first of the new cam- 
pus we are developing in order to become 
fully up-to-eode and accessible as a public fa- 
cility. The new campus will consist of this 


experimental straw bale dormitory , a commu- 
nity mooting hall, a shop, and six staii cab- 
ins The goal of the campus is to create hous- 
ing and teaching facilities that exemplify en- 
ergy-efficient, solar-assisted r ccologicatly- 
friendly building techniques 

2, Photovoltaic Modulo* C route 
Kloctr icily 

A 1 6 kilowatt photovoltaic system donated 


% 
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by Enron is mounted on the roof of the dorm 
with a ft iv modules on the ground for visi- 
tors to look at more closely. We're working 
With Enron as well as the two local utility com- 
panics, EPEJD and EWER, to determine the 
efficiency of these modules in this mostly 
cloudy region. The system is connected to the 
grid v c.j an ijitertie. We both buy electricity 
from, and sell it to, the utility 

3. Outdoor Kitchen 

Here wc do outdoor cooking, appropriate- 
technology style. Often you'll see Rocket 
Stoves made out of recycled cans, a bread 
oven based on the same design as tine Rocket 
Stove, and some of our most j t-ccnt stow- pro- 
totypes resulting From recent work in Hon- 
duras and other countries The most recent 
Stoves combine the high efficiency of the 
Rocket Stove and the beneficial chimney 
(which gets smoke out of indoor kitchens) 
Look around the area and you'll , see M [ ar 
cookers that arc used in the summer for a 
great amount of our cooking. 

4. Retegrity Shop 

E Lis temporary shop provides a mostly diy 
space with a minimum of expense The 
rotegrity design is an adaptation of the 
Buckminster Fuller geodesic dome, but haw 
overlapping structural bars. This structure 
was built for just a few hundred dollars, plus 
the tarp, Apro veche will be building a more 
permanent shop as funding allows. 

5, Organic Garden 

Our garden provides almost all of the fresh 
food used lo feed the approximately twenty 
people who reside at the Research Center. All 
of the work done in (ho garden is performed 
with human power and without the use of 
chemicals. Resident interns, under the direc- 
tion oE gardening instructors, prepare the 
beds, raise starts, and care for their vegetables 
until harvesting They incorporate techniques 
including raised beds, crop rotation, compan- 


ion planting, edible weeds, vermtcultiire, 
composting, and much more. Many of the 
trees located throughout the garden arc vol- 
unteer plum trees, and a stroll through the 
grape arbor in late summer is an experience 
not to be missed, ihe ducks patrol the east- 
ern side of the garden in search of our great- 
■■ s i enemy— the slug, hvo greenhouses extend 
our growing season, allowing for melons and 
morn in the summer and fresh greens all 
through the winter. We also start the major- 
[tv of our plants in the greenhouse, away from 
tlie hungry mouths of slugs. TWo fenced ar- 
eas in rhe northeast corner nJ the garden also 
act as young orchards and spa* .r- for our chick- 
ens to roam. Water fur 1 he garden con ics from 
.i spring via a gravity-fed system with i ie mov- 
ing parts. Head to the southwest part of the 
garden to sit fora spell rn the contemplative 
garden circle, noticing the beds filled with 
perennial medicinal and edible herbs. Then 
go through the vine maple gale (closing it 
behind you to keep out the deer!) and turn 
l efc the road. The small enclosed am* r D 
your nght contains young blueberry bushes 

6 - Kesf and Relaxation Area 

We come here co unwind, sitting around the 
campfire, floating in the wood-fired hoi tub 
or taking a ‘'cannibal hath" i t1 the Rocket Stove- 
powered bathtub. Or maybe in the summer 
it J: just be ,j cfuick solar shower wish wucei 
from t he batch solar heater. Closer to the creek 
there is also a Rocket Strive sauna. 

7* Goal Pen 

Coats {Nestle and Lulu) provide the coni mu- 
nisy with -4 supply of fresh milk Arid friendly 
hoofed cam pa nionship . 

0. Pale Forest 

As you continue up the road, off to your right 
you can see part of rhe twenty (out of our 
thirty-five) forested acres thai serve . js the pro- 
lI action zone. E nis land was cl ear-cut approxi- 
mately forty-five years ago and naturally re- 
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generated, 
leading to 

dense growth 

Our forester 
thins out 

trees using 
the wood for 
building, fire- 
wood, and 
s o m e t i m e s 
for sale i ut 
logs are 

pulled out by 
a team of 
draft horses 
and sawed 
with a por- 
table sawmill, 
We are work- 
ing towards 
creating a 
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managed old- 

growth foTcsi leaving important biomass on 
i lie forest floor in order to continue building 
layers of humus. Snags cue Left standing to 
attract birds You'll often hear the loud cry ol 
the Pileated wood pecker echo through the 
woods Wild mushrooms, such as chanter- 
elles, thrive in this type of forest and you 
might find some during the fall season. Be- 
hind the small green structure m the parking 
lot , you can also see some of our cultivated 
mushroom operations. Fifteen acres on the 
northwest part of the property are a desig- 
nated Wildlife Ares where no tutting occurs. 
In this area especially, watch out for the three 
shiny leaves that indicate poison oak 

9. Staff Cabins 

Continuing up to the parking In t, you'll be 
able to -see up the hill where six *Lafi cabins 
will eventually be located {two are already 
t he re; This co-housing area will allow up to 
twelve staff to live on-site. providing private 
sleeping quarters, with communal activities 
continuing to happen in other buildings, 


Grants from the Meyer Memorial Trust, the 
Collins Foundation, ami Lite Jackson Founda- 
tion, as wr.1t as generous member donations, 
are allowing for this construction. We arc los- 
ing envirotimfen tally-! riendly building tech- 
niques as much as we can, while pointing out 
that the size of a structure ]S crucial in terms 
I resource consumption. Here specifically, 
wood is the most bio regional building mate- 
rial available. We stress local and appropriate 
building materials, encouraging houses that 
are well-m&ulatctUnd passive solar in design. 

10* Nature Trail 

This short 1/3-mile trail leads you through 
oui designated Wildlife Area and bads out Into 
the production zone of our forest. Follow the 
trail north of the dorm that goes through a 
wide gate and west into the forest, hook for 
the beautiful wooden To-rii guLe that marks 
the start of the trail. The walk goes through 
the Moss Garden and other pristine quiet 
sprit s thai are a source- of inspiration and re- 
us venation. for our community. Enjoy! 
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The Pizza Oven 

(Analysis of Retalned-Heat Baking) 


Traditional High-Mass Bread 
Ovens 

B oth plain and fancy bread ovens can 
retained heat for cooking. Fire 
heats up rooks or bricks or earth or the 
cement walls of an oven when the mass is 
hot enough the food is placed inside the oven 
-O he Looked. High-mass brick pizza ovans 
inarje the gourmet pizza 3 loved to sample in 
San Francisco. The English traditional bread 
oven and the Navajo beehive earthen oven 
are also based on hrist heating mass and then 
u-irig the stored heat to cook food. 
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Experimentation .shows however that heat- 
ingair, which then directly heals food, is usu- 
Ltlly a more fuel-efficient way for a family to 
bake food 

lhe trick to making a good low-mass hot-air 
o vl 3 . m i to pu i f he li e at wjie re you want it w j tri- 
oul a ) losing the heat mto the body of the stove 
01 }> toting fhs htiaf escape up the chimney We 


want the heated ah tu cook food! 

7 tying to optimize a retained-heat oven is a 
inf more difficult It needs the right amount 
ol mass to stare the right amount of heat. Also., 
without insulation on the. outside of the. (her- 
ma: mass, heat easily dissipates, 50 that re- 
tained Ire a l is lost before it can be efficiently 
used, 

Earthen stoves can use so much wood, to hake 
so little bread! At the very least, earthen stoves 
can he covered by insulation (wood ash, rock 
wmil, fiberglass, etc.) so that the heat isn't as 
easily lost, Bui to be truly efficient the infe- 
rior surface of the oven also needs to be opti- 
mized to absorb most of the heat from the 
fire and reduce exit temperatures out of the 
chimney, An earthen oven usually requires 
split logs fed into it for long periods of time to 
teach cooking temperatures, When people 
3 earn that it is possible to use a little fire to 
directly heat bread, it is amazing how much 
1 uel can he sa% r ed 
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More than ten years ago Alan Scott (The Bread 
Builders, I 999 \ visited Aprovecho and built an 
early I'crsiod of his retained-iheat English 
bread oven. People had a great time cooking 
in it for a whole day after it was "brought up to 
temperature- t remember all oi us getting 
stuffed with bread , cakes, pastry, etc. It was a 
wonderful time. Alan was experimenting with 
high-mass rctained-heat bread ovens for com- 
mercial applications. He figured Lhat 
Apro veche might be able to use an oven 
meant for constant use since we baker! food 
almost every day 


The Rocket Low-Mats Breed Oven 

Over the years, we used both Alan s English 
Bread oven and an earthen oven for baking 
bread No one questioned the wood use be- 
cause we had nothing to compare it to. Then 
Larcy built a low-mass hot-air bread oven right 
in between the two high-mass models. 

We tested Larry's Rocket oven one night be- 
fore a visit front thirty, usually hungry, 
Humboldt State students. (Humboldt Stale 
College in California, like Appalachia State m 
North Carolina, offers an Appropriate Ifedu 
nology major.) We made 66 pounds of bread 
that night in one firing, weighed after bak- 
ing, and used 11 pounds of wood to do it The 
bread quality seemed the same but we used 
spectacularly less fuel to feed our visitors. 

Experience has shown lhat retained-heat ov- 
ens often suffer from two classic problems 
1. 1 There's not enough exposed internal sur- 
face area to lower exit temperatures during 
the heating up period. There is inefficient 
heat t ransfer to the oven. The little cave with 
a chimney on top that forms the Navajo bee- 
hive bread oven is not convoluted like a fuel- 
efficient high-mass heating stove. [Sue dia- 
gram.} Too much of the beat just shoots up 
the chimney, in this case. A better heal trans- 



Tuo Versions i.j The 
Rocket Bread Oven 
3 f.',.i'T7ori ral Fcal 
(above, lacking dour 
lihi' 1 dsemney) and 
Downdraft JWitfoJ 

fbeW.) 
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fer necessitates more optimised surface area, 

The re 2. ] htgh-mass ovens can have insuffi- 
c.3eni insulation to keep the heat doing work 
foi .as tong as possible, A few vears ago, Alan 
changed his design and added insulation, 
which helps a lot. We would want perfect in- 
sulation around the mass if possible, in that 
Wa -V the captured heat would be put to best 
u sc , _ Any am o u n r of in su lad o n will in r re ase 
l hi: benefit gained from heat retention, hut 
its great if an over i lias an insulativc cover 
with a rating of R-iO or better. 



1 he great ad va n Eage n f retained heat ovens is 
that alter the mass is sufficiently warm, rhe 
ch im rtey ca 1 1 b e co r r i p] e te I y closed w it h i he 
door dosed as xveH, heat is not lost up the 
chimney Keeping heat in (he oven can im- 
prove the efficiency. In practice, however, it 
is fust necessary to remove all coals and po- 
tentially smoldering material since smoke 
Will ruin the bread and possibly leak into the 
room. Sweeping out [lie burning fragments is 
# messy job. But jr should be remembered that 
completely shutting down the draft while 
continuing to r ook is possible only in retained 
heat ovens. 
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fb'- Effect of Ttanpenarure an the Passage of Heat 
through fnjMhatbn 

I he spring class ar Aproveeho designed a 
"best case" retained-bcat oven and started 
building the prototype. Et lias 72 square feet 
of surface area when: heat rubs against the 
mass to lower exit temperatures out of the 
chimney As a rule of thumb, it takes at least 
?r> square feet of exposed mas® surface area 
to adeq u ately absorb th * he at in >m a fm i . e . , 
to lower temperatures from around 2,300 de- 
gree Fahrenheit (the temperature of yellow 
flarnc) down to minimum exit temperatures 
of around 230 degrees 3 p ahrenheit. The 
student's oven is insulated to R-40 so that the 
heat isn't lost very quickly Air is preheated 
as it is pushed by * small fan to aid m the 
combustion process. 
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Summer '99 Beat Cam Bread Oven 
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In a fuel-efficicnL retained-heatovcn we have 
l0 design in the right amount of mass, if we 
use too much mass we will have to waste IJui's 
to raise more mass than necessary up to bak- 
ing temperatures The oven stays warm 
longer than necessary . The thermal load ( the 
amount of food we wish to cook) needs to be 
matched to the amount of retained hen. Con- 
versely, if we use too little mass there won't 
be enough retained heat at baking tempera- 
tures to cook I he bread. Heat below 350 de 
grees F. starts to be ton cold for normal bread 
baking. Heat at greater thdn 450 degreed will 
usually -start to burn bread 

As a rule of thumb, most materials used for 
mass in stoves will hold nboeu - Btu. r $ of hem 
for each degree of temperature rtse (Fahrenheit). 
Qm rests show lhat it takes something like 
3$0 Bf m r s per pound to butte bread. Aprovecho 
has an average of 25 daily mouths, firmly at- 
tached to souls clamoring for knowledge, who 
also lusi for bread, 

Using these formulas, let's practice together 
and design a broad oven that will retain 
enough heat [at a temperature between 350 
anti 450 degrees F) to bake 1 2 loaves of bread 
Only the heat at the correct temperature helps 
in baking bread. Each loaf weighs two pounds. 

\ 24 pounds of bread will require 84 00 Btu 3 
of heat energy in bake. [24 pounds x 350 btu 3.' 
pound * 8400 Btu's . ) 

2. A 100- degree temperature rise (350 to 450 
P] m one pound of earth or brick stores about 
20 Bui's. 1 100 degrees F/ pound x .2 Bin's/ 
degree F. = 20 Btu's/poulld.) 

3 . Dividing. 8400 by 20, we find that we need 
approximately 420 pounds of thermal mass 
tu store the amount of needed heat. (8400 
Btu's- 20 Etu's/ pound = 420 pounds ) 

In other words, the heat needed [8400 Thu's) 


to bake 2-1 pounds of bread will be released 
when 420 pounds of thermal mass drops in 
temperature 1 1 orn 450 degrees to 35(1 degrees F 

This heat must be well insulated so that it is 
forced into the bread instead of lost while 
heating cooler exterior air. The efficiency of 
beat transfer to the mass will, m large part, 
determine how much fuel is burned to bring 
the oven up to temperature. But even in an 
insulated convoluted retained-beat oven, the 
13tu'* required to raise temperatures up to the 
point where baking commences are wasted! 
Typically, :il 350 degrees F. and below, the 
oven's large store of retained heat is not put 
to any useful purpose Unless the family is 
well-organized and ready with a project that 
uses a slow oven, all the energy spent in heat- 
ir ig the mass up to 350 degrees E r while nee 
c-ssary to allow baking to begin is ultimately 
lost when the oven cools down. 

Si (be oven Is designed to cook a thermal load 
of 24 pounds of bread, a lot bf heat is also led 
unused when Use chef prepares only 3 2 
pounds, On the other hand, such an oven 
carrnot bake 48 pounds of bread without a 
re firing Designers usually, therefore, make 
very heavy ovens that can handle a lot of 
bread Obviously, if the retained heat and 
thermal load are not sized in relation to each 
other, fuel efficiency suffers. 

In the same manner, we can imagine that the 
amount of thermal mass added into a solar 
ho use probably needs to be sized to the inpin 
of sunhghi-genereted Btu's, if we want unas- 
sisted sunlight to treat the house. 

Let 'a leave mass behind loi a moment and 
consider the low-mass oven in which hoi air 
directly cooks food 

The ail Is forced to mb against the inner drum 
that forms the overt Hot air moves in a maze 
over the oven, so that, n the end of this cir- 
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cmcoimoutc, exit temperatures are relatively 

“■ T he a i r ,' nuJ ^ iH cre ^d by splitting an- 
other 55-gat bn drum lengthwise and sliding 

!.L ° Vcr ll * fim - [ * avi «E a 3/4' gap between 
the two drums. The heat paaes through this 
gap and rubs against rbe bottom sides and 
top o t the inner barrel that contains the bread. 



TV Rocked tyle Pi z ^ Q Vcn with Bif > Dgor 


. i'f 3iJni5de U P°* ^Lisage-like sections 
or flbeiglass bat insulation covered bv three 
layers of aluminum foil. The Fiz^ ov un rs 
' J insulated, both a round the combus- 
f 10n chamber and the oven itself. This oven 
is essentially the same as the vertical bread 
ov-cu featured in Capturing Heat One Laying 
tbo oven drum on its side allows us the UBe of 
the neclosable lid as a door, so that a large tray 
of pizza can enter The fin- is also closer to t bo 
oven chan m the vertical Rocket Bread Oven, 

This low-mass oven gets up to 'ion degrees F 
twenty minutes after the bra is started Tbm 
peratnres arc controlled by ,he amount of 


si! '.ks inserted into the combustion chamber 
Combustion continues only as long as the food 
3S cooking, and then the (Ire is extinguished. 

Experience shows that a low-mass air-hcat- 
mg oven is a good match for family- type bak- 
ing Fhe temperature curve in the low-mass 
ovtm is almost straight up to the desired tem- 
perauin: and then straight down as the fire is 
extinguished, The stored heat in even a per- 
fectly insulated retained heat oven is wasted 

, lK , m ends Clfcl ™ B“rve when it's above and 
below the desired baking temperature. 

I he re are aficionados of specialty breads who 
*re sura -hat retained-hcat bread tastes bet- 
ier, Jt may be that for a certain taste a high- 
mass oven is necessary But we have great 
i-ooks at Aprovcchtj who make great-tasting 
bread. Most bread is baked in regular low- 
mass hot-air ovens. Massive ovens seem bet- 
ter suited to commercial situations where they 
are 1IJ use. The mass will keep the 

' ommerciaj oven at a very steady temperature, 
which is important for product reliability. 

However, most families can cope with and 
ignore slight imperfections. (Heck, 1 grew up 
m ^family!) Because they save fuel, and arc 
^.asy to ui rl and tun to use, we can whole- 
heartedly recommend low-mass ovens that 
heat air thai thfi n cooks food. The vertical 
™ i Ca P^»”g Wat One) and the horizontal 
oven presented here are variations on a theme. 

[ ;' S ^ ce f0 havc 3 ready-made big door as in 
the Pizaa Oven. But the original vertical oven 
is a great introduction to the wonders of Fuel- 
efficient wood-fired ovens, as well The Pizza 
Oven is slightly more fuel-efficient because 
ttie Jir ^ 3 * closer to the bread. The hot Hue 
gases also follow a more Circuitous route 
around the inner oven. But for this reason a 
fog^r chimney required to- reinforce the 
draft. o f the two, the Pizza Oven is a bit easier 
*- c *" build, Gjve it & try I 
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How to Build itio Piua Oven 











55 

S«jA 


A handle is attached to the removable Lid of the 55-gal Lon drum. 

, i 

1W o shelves are inserted into the 33-gaUon drum We used chicken wire stretched tighL 
and bolted into the sides of the 33-gallon drum. 

A donut made from three layers of aluminum foil wrapped around fiberglass insulatiun 
sesls the gap between the 53- and 55-gaUon drums 

sausages made from three layers of aluminum foil wrapped around fiberglass in- 

form the maze through which heat is forced to travel. 

A 55-gallon drum split longitudinally cover* the top of the oven, protecting the 
glass insulation that lays on top of the even. 

The rocket elbow can be made from 8"-In-dia meter stove pipe or elbow. 


ALlHfJJMUl*-fp.L 

Viraf+E* 

FlflEBfcUM 
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Cooking Stoves with 
Chimneys 


W ht.:n appropriate technologists be 
gan to look at the fuel efficiency of 
three-stone fires, nn assumption wa s 
mfidL' r ri.it favored the nev stoves they were 
introducing The three -stone fire was viewed 
as "very waste! u I of hid T [Mj od Consent - 
Cook Stoves, VITA . I WO) Early estimates of 
the efficiency of the open fire were very low, 
usually between 3% and 7%. 


rhcsi- estimates can be true of open fires, 
which are outside, m the wind. But many 
people either cook inside or protect the fire 
from wind Tn these cases, thr three-stone lire 
performs more efficiently . Expert users un 
& ct reasonably high efficiencies from then 
home cooking fires. 



" Loofo to mc }3v <z fa wi open /ire has a lot mow going f„ T n tkm just the 

ccjnserttitriie nutWE of fn/ial societies" 


j 
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Our latest Spring 1999 Experiments w,ih the 
three-atone fire resulted in an average fuel 
efficiency of 11,2%. (11.2% of the heat made 
ii into the pot,) The testers were amateur US 
College students who were trying to do their 
best. Trained tire operators can usually do 
better Even the amateurs sometimes scored 
much higher than their average. The range 
of scores in ten tests was from 7.fi%to 17.8% 
Experts would obviously tend to score in the 
higher ranges of efficiency. 

The Advantage* o§ the Open Fire 

j-[ow can we design a stove 1 hat beats the Open 
lire 7 First, Set's list the advantages of the three- 
.stone fare when compared to some stoves: 

* No heat is absorbed into the mass of a stove 
body. High-mass stoves can absorb heat that 
could have gone into the pot. 

* Fan;, hits the bottom and sometimes the sides 
of the pot, exposing a lor of the pot to i he neat 

- Sticks can be fed in at the appropriate rate, 
assisting complete combustion 



How to A«1ii*vo Morn Comp let* 
Combustion 

Eve ry stove suffers becau sc i t has some mass. 
Bui a stuve can achieve better combustion 
than an open free. The good stove helps to 
make hotter and more efficient fires bv do- 
ing the following things: 

* Insulates around the fine, A hot Eire bums 
up more of the combustible gases and pro- 
duces less smoke. 

* Limits the cool air that lowers temperatures 
m the area of combustion 

* Pre-heats the air before it enters the fire. 

* Forces the user to meter the fuel. 

* Forms a grate out of the sticks of wood. 

* A chimney creates drab, assisting comb na- 
tion - 

* Escaping smoke passes through flame and 
combusts. 


How to Get More of the Hoot 
Into th* Put 

Although flames sometimes touch the pot 
pretty efficiently in an Open fire, the Stove 
can improve upon the efficiency of heat 
transfer in the following ways; 

* Force the beat to contact as much of the 
pot as possible. Increase ihe maximum sur- 
face area exposed to hot flue gases. Make 
heat rub against the pot's surface. 

* insulate around the fire everywhere except 
where it touches the pot(s'). 

■ Make the heat contact the pot(s) for as long 
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^ time as possible. Prolong the dwell time. 
{See the Pizza oven.) 

* A greater percentage of the heat enters the 
pot if there is as large a difference in tem- 
perature possible between the pot and the 
heat sol tree. 

■ h helps if the pot is; as conductive as pos- 
sible. 

* increase speed of Hue gase?, so they hat the 
pot harder. 


The Rocket Stove 

I'he Rocket Stove ss designed to do all of the 
preceding things to both a.) achieve more 
complete combustion and b, ; force as much 
iie^t into t he pot possible. The Rocket stove 
attempts to bum up as much smoke as pos- 
sible and then uses a skirt to force the hot 
flue gases to rub against both the sides and 
the bottom of the pm. The Rocket stove is also 
made with low-mass materials if available and 
is well insulated, if possible. 

Forcing the hot due gases to rub against the 
pot is very important when trying to save fuel, 
The Itocket stove, by itself deans up a lot of 
l lie smoke thorn a fire but it is only about as 



The Rockeft Smut? 


fuel-efficient as a well-run open fire. In ama- 
teur tests conducted in the spring of 1 999. the 
Rocket stove without a skirt averaged 12,5% 
efficiency. (Again, experts cati score higher ,i 

But, when a akin was added (a simple cylin- 
der of metal around the pot, under the 
handles) the average amateur efficiency rose 
to 2,3.6%. The skirt is very important for fuel 
efficiency, fhe heat passes through a very 
small gap. usually 1/3" to 1/4", between the 
skirt and the pot and is forced to scrape against 
the pot, increasing heat transfer. In fact, fud 
efficiency in a stove is usually much more 
affected by heal transfer to the pot than it is 
by improving combustion efficiency, 



A Skrrf GreatiS /mproi'fs Hea t Transfer tn flip Poi 


Slav** with Chimneys 

The Rocket stove tries to reduce smoke by 
improving combustion, Rut if people are well- 
off enough Lo afford a chimney, then all 
smoke can be removed from the living quar- 
ters. 

The old Torena stove bad one great thing go- 
ing for it All of Lhc smoke was transported 
from tlie kitchen in a chimney, Inhaling 
smoke is very bad for one's health, so even 
though the Loren a wasn't very fu coefficient, 
smoke removal was a great contribution in 
and of itself. 
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i is fact, i hints are many NGO's inf 'tiding ihs 
World Health Organisation who might con- 
clude that removal of smoke is more impor- 
tant than fuel efficiency. Recent studies con- 
firm what has been obvious for decade- 1 :.. In- 
halation of smoke docs cause a host of medi- 
cal problems including very serious respira- 
tory illnesses. Breathing wood smoke is dan- 
gerous. 1 is very important to reduce expo- 
sure tq smoke, especially for chUdi eti' 




' JVil f Mud rind Sand Lowtia Stone 


Preble ms with the Lore no Sieve 

i he Loren a stove was originally designed bv 
a group of volunteers in Guatemala includ- 
ing consultants from Aprovecho lanto Eva ms, 
a founder of Aprovecho, wrote the book 
Lorena Owner- Bw iff Stoics published by Vol- 
unteers in Asia in 1979. The Linens contin- 
ues to attract friends but there are several 
problems in the Lorena design that have been 
corrected in later Aprovecho stoves with 
chi nine vs. These problems arc. 

* The Eire directly contacts the very heavy 
mass ol the stove body , which absorbs ne a r . 
robbing it from the pot 

* The combustion chamber is uninsulated. 
The cold walls cool the fire, causing smoke. 

* The fire flow path does not ini imately touch 
the pats. It flaws horizontally past the pot. 


resulting in poor beat transfer. The walls of 
the fire tunnels ate uninsulated, 

Earth Is Not G**d Inmlallon 

Before experimentation proved us wrong, 
Aprovecho stove designers thought that earth 
wi-iH insulation We did not fully understand 
die difference between mass and insulation. 
Good insulation is made up of little pockets 
of air separated from other tiny pockets of 
air by a lightweight, relatively non-canduc- 
live material. 

Earth, especially rammed Lorena. doesn’t 
contain many pockets oi air. Good insulation 
resists the passaged heat; thermal mass does 
the opposite, absorbing heat Instead of us- 
ing sand and day near the lire now’, 
Aprovecho designers use natural insulation, 
like wood ash And instead of rushing the fife 
past the pots, the new designs farce the hot 
flue gases to rub against the metal surface, 
which greatly increases heat transfer. 

The retained heat in the stove body does not 
assist in cooking since the pot ss hotter than 
most of the surrounding mass. Once the stove 
absorbs heat, it is mostly diverted and lost. 
For fuel efficiency, it is important to insulate 
Lite entire heat How path. 


Til* Don* Just* Sfov* 

In 1999, Aprovecho was invited to assist two 
non-governmental organizations In Honduras 
to design and help build a stove thal has ,i 
metal griddle covering the stove's top. I cls 
plate of steel is called a "plancha" in Spanish. 
The original Honduran plane ha stove was 
designed in 1995, with help from Rogeno 
Miranda and P ROLEN A, Stoves like the Dona 
justa have been built in various places around 
the world; this type of design is not new 
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; A Honduran 
family enjoys in Tifu.i 
itoce. 


Tests show that this 
stove is about Hl% effl- 
ciflj-it. The plancha 
griddle is good at trans- 
rniUing heat to the pots. 
The thin metal is a great 
conductor of heat. But, 
for the tamo reason, 
wherever (hr plancha is 
open to air, where it isn't 



i ne Aprovccho version of the plancha stove 
indudesa Rocket- type insulated firebox and 
chimney. Hot flue gases are .list, forced to 
pass directly underneath the metal griddle 
The following diagram points out the design 
features of this type of improved plancha 
stove named after Dona Juste (Mrs, Justa 
helped to design, build, and test this stove m 
I Jonduras.) 


The Dom barrel Stave 


touching the bottom of 
a pot , he a t casi 1 y lea ves 
and heats the room in- 
stead, However 19% is 
an improvement over 
the open bre, and no 
smoke should enter the 
kitchen Pols that are 
heated on top of the 
Saddle stay dean, 
which is very impel Lam 
to certain cooks. 


Pha Justa stove does 
m a ny of l h e same 
things that the beautiful 


Mjka Hatfield {far right) and women of W 
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old cast-iron cooking stoves did, These oldci- 
typt: stoves now msl. more than a thousand 
dollars in ihe US- But a Justa stove car 
less than 20 dollars to make 
stall this stove and on: 1 quite 
kitchens at Aptovecho, redi 
propane. 


Btillfi Three Variations el 
Dona Juste Stove 


The pots can sit on top of the griddle i.A;. b+ L 
placed over holes cut in the griddle (B), or be 
partially submerged into the griddle (C). 


Donn Jusw Stour type A 


Dmio Jiisw Stove type C 
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As more of the pot is directly exposed co brut 
efficiencies rise. The griddle is supported on 
top of a box built from ordinary brick, Loren a , 
or any inexpensive materia] like adobe, etc' 
tt the chimney is cement, it can ly; a pan of 
the box, supported by (bur walls The heavy 
cb?mney is placed behind a wall pfhrick that 
allows hot flue gases to. flow unimpeded into, 
the bottom of the chimney See drawing 1. 





It the chimney ;s made from sheet metal it 
car. rise direct ty out of a hole cut in the 
griddle. Sec drawings. 



The Honduran stoves use a Rocket combus- 
tion chamber in the shape of an *L h made from 
a refractory ceramic which consists of horse 
manure, clay, sand, and tree gum These cy- 
lindrical parts can also be made from heavy 
Sted b3ack iT °n Pipt-, '130 stainless seed, or 
refractory cement. The: combustion chamber 
nls into the mouth hf the stove and che two 
parrs should hr made": to join without large 
gaps. Insulation surrounds thtj. combustion 
chamber, tilling smalt .jaspts and preventing 
smoke fmm leaking Sec drawing 3. 
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The mouth of the combust ion chamber com 
tains a shelf, about on<- third up from the bot- 
tom of the cylinder. 'The purpose of this shelf 
is to assist proper feeding cd wood into the 
Fire The sticks of wood make a grate formed 
by stick, air, stick, air, etc. The sticks, as they 
bum side by side, create a hot burn, assisting 
the combustion of smoke. See drawing 4. 


Insulation tills up the stove, leaving a 3/4‘ 
gap under the griddle. The most natural and 
least expensive insulation is probably wood 
ash. If a sufficient quantity of wood ash is hard 
to find, a poorer insulator can fdl mosi of the 
stove as tong as 6" of wood ash surrounds the 
combustion chamber and lies under the 
griddle. Poorer insulators ! which can also fill 
the entire stove, with less Optimal results) in- 
clude perlite, vermiculitc, light pumice rock, 
dead coral, charcoal, and dry fluffy cart h. Sec 
drawing 6, 


The steel griddle will warp unless 

angle iron is welded or bolted to the under- 
side, The l-and-1/2" angle iron is secured 
around the perimeter of the griddle, inset two 
inches from all edge*. F.nds of the angle iron 
should meet and join or closely touch. The 
griddle sits on top of the brick walls, but the 
angle iron submerges into the wood ash, mak- 
ing a seal that 
resists smoke 
entering the 
room, The 
griddle can 
also be ce- 
mented to the 
brick. See 
drawing 5, 


Submerging the pots under the griddle can 
double the efficiency of heal transfer We have 
done this in two ways. A,) Cut holes in the 
griddle into which the pots exactly fit. Use 
sheet metal to 
create a 1/4' gap 
all around the 
pots so that the 
heat is always in 
an insulated en- 
viron me nt. You 
can either do a 
great job and 
keep the heat 
from contacting 
the griddle, as in 
drawing 7, Or be 
a bit lazy and fol- 
low the contour 
of the pots in a 
more general 
fashion, as dem- 
onstrated in 
drawing Eh 
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Method R, uses refractory cement. 1'he cement 
is formed around the actual pots to her used. 

the bottom half of the pots in newspaper 
or other materia] A gap of 1 r will be tre 
,Lted when cement is pressed around tire male 
mold. Let cement directly touch the oiled pot 
SO that a smoke-tight fitting Is treated near 
the top of the pot or jura under the handles 
Adding the mass to the stove does cut back 
on efficiency, but the refractory cement will 
greatly outlast the sheet metal used in the lnw- 
maKs mod id See drawing u 



there is always variation iti an Appropriate 
technology design. One village may insist 
chat pots stay clean. A village fifty miles away 
may need greater fuel efficiency As explained 
above, allowing heat (and soot) to directly 
touch pots increases efficiency. Rots can sit 
on top of three holes cut into the pkincha. 
They block smoke from entering the room. 
This type of stove is more ftiel-efficier i than 
the clnaed'griddlc Just;] because the the di- 
rectly contacts the bottom of the pots. W| !T , 
the fire travels between pots it can be in in- 
sulated tubes and doesn't lose much heat. VyV 
want to get as much heat as possible into the: 
pot and nowhere else: 1 


The open-hole variation of the Dona Justa 
stove can be up to 30% efficient. Tire effi- 
i.ifiicy rises a little more when a fourth pot is 
exposed c i.i the heat. A four-pot stove absorbs 
a b;t more of the heat before it is wasted out 
cf the chimney But the little amount of re- 
rn. lining lie at makes foj very low-powered 
iiiorth burner. 1 J ,r. fou i t 1 1 burner is really only 
gc-nd fbt heating dish water, etc. In our expe- 
r fence it is not powerful enough to cook food 

Another important design feature of this 
variation, the deflector, directs heat at the 
Ijuttom o . the pot. a piece of metal or ceramic 
sits m the burner and forces beat up to the 
put. making sure that, unlike the Lorena, 
there is improved heat transfer. The deflec- 
tor is shown in the following drawing It sits 
inside the second and third burners, The de- 
flector substantially raises ihe overall effi- 
c i I ■: n cy of 1 1 1 ( ! 3 to ve abo u t 6 % . 



A 40%-efficiem stove with chimney results 
from partially submerging the puts below the 
gnddlr l be he.n from the fire is directed at 
each pm r hrough a skirt around the pot's sides. 
VhveQ pots are tightly fitted into holes cut rn 
ihi plant ha, If the holes are cut properly 
[smoke cannot escape into the kitchen 

A cement plancba can be formed around the 
pots as well .Skirts surround the bottom and 
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sides of the pots, under the stovetop. forcing 
the heal to contact more of the pot Lf the gap 
is optimal (in this case about 1/>I '] and the 
same cross-sectional area is maintained {tu 
assure steady draft;, as beat travels fins! tin: 
sides and bottoms of ah three pels i hi* stove 
can reach efficiencies of 40% 

The efficiency of this stove is highest because 
the greatest amount of heat is sinking the 
most surface area of the pots 

A* tu Lhe pterions stove, both combustion 
i i anti fire flow path are insulated wit 1 1 

wood ash, perlite, vermiculitc, or fluffy earth. 
The plancha is also thermally isolated from 
the heat by Insulation. 



The Man Efficient Dona Jwtn.-Tylm -Strjm 

These stoves, the Rocket and the Dona Jitsca. 
demonstrate more or Jess efficient ways to 
help create a reduced-smoke or smoke- free 
kitchen The Rocket stove ran be a useful 
option if, for economic or other reasons, n 
chimney is not going to be used The stove 
with chimney removes the smoke and for lhai 
reason is always preferable. Although the 
griddle-tvpe stove, and variations including 
sunken pots, have been built and used in the 
past, Larry has introduced several features 
that arc novel and important: 

1 . J The Rocket elbow assists cleaner and more 


complete combustion. 

2.) The gap between the pot and skm is 
.'-mallei forcing heat to rub against (he |mjL. 

1 The entire heat Dow parti is insulated, less- 
ening heat absorption into iho, sieve body. 

4.) A smaller, well-insulated combustion 
chamber allows the useoi fewer sticks, since 
the Fire does not tend to die out as easily 

Fuel Efficiency in Staves 

The draft created by the internal Racket and 
external chimney make* it possible to force 
the heat through a nanmv opening beneath 
the second and thud pots, increasing the suc- 
cess of efforts aimed at heat transfer. Tall 
chimneys are A big help when sucking heat 
through a nine nitons maze of heat exchangers 
inside a stove Foi example, the deflector in 
the burners aims the heat at the pot. k can be 
used only when there is sufficient draft 



Aw Flow in me Most EjfMem Drnu Juitd- 1 vju- Store 
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Forcing heat to contact the sides as well as 
the bottoms of the pots dramatically increases 
fuel efficiency. Increasing contact to the pot 
in the Dona Justt stove increases efficiency 
up tn around 40%. St makes sense that to get 
a large percentage of the heat into the pots it 
is necessary to expose the maximum pot sur- 
face area to hot flue gases, 

For better fuel efficiency, insulating the fire 
How path is also essential. Imagine if the fire 
flow path were, perfectly insulated so that no 
heai was lost or absorbed. By exposing suffi- 
ce m pot surface area to hot flue gases wc can 
be sure that a very high percentage of the heat 
cooks food. Theoretically, wc need to leave 
only enough heat in the chimney to assure 
draft throughout the stove. In this perfect 
stove, efficiencies could be over 50%. 

Something like 50% of the rest of the heat is 
lost because 1.) three normal-sized pots have 
insufficient surface area to absorb the released 
heat from the fire; 2,} keeping exit tempera- 
tures above 250 degrees F. to establish suffi- 
cient draft is inherently wasteful; and 3.) heat 
as also lost into the stove body, excess air cools 
the fire, combustion ss never complete, etc, 

The perfect stove would not lose heat into 
the stove body. It would be so well insulated 
that heat would not be lost by conduction, 
convection, or radiation. All of this captured 
heat would bo forced to brush against as largo 
a percentage as possible of the surface area 


of the pots, efficiently heating them up, unti 
the exit temperatures from the chimney wen 
very low. Almost al] the heat would be in thi 
pots, leaving only enough to continue tht 
draft. 

In the real world,, perfect insulation is hare 
to come by, And it maybe hard to have people 
accept stoves that bury a pan, of the pot ir 
the tire tunnel For these reasons, even good 
stoves with chimneys usually succeed in get- 
ting only ] 5% to 30% of the heat into the pots. 

Using more pots to pull heat from the fire in- 
creases efficiencies. However, as mentioned 
above, more chan three pots are hard to heat. 
The fourth pot will warm but it's non likely to 
twill , Of course, it's nice to heat wash water 
serm-automatically, and the fourth burner is 
perfect For low temperature jobs like these. 

As mentioned, these stoves can ho built with 
low. mass ceramic pares. A co-op in Hondu- 
ras called Nueva Esperanza makes durable 
stove parts from sand, clay, hotsc manure, 
and tree gum. Cultures around the world ha ve 
developed refractory clay mixtures that stand 
up to the heat of flame Or the internal stove 
parts can be made from thick steel pipes, re- 
placeable thinner steel, tin cans, 430 stain- 
less steel (which holds up in stove use), etc. 

There are also pourable refractory cements 
that do not degrade at normal stove tempera- 
tures. Wc find that parts made from this ma- 
terial are relatively cheap (20 dollars for a 50- 
pound sack), are easy to work with, and have 
a long life. We don't recommend reducing wail 
thickness to less than 1/2', 

(Refractory cements are available from North 
American Refractories Company, 500 Halle 
Building, 122B Euclid Ave., Cleveland, Ohio 
44115. Phone: (216) 621-5200,) 
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It is quite easy to make molds out of card- 
board. Or you can use big pop bottles ojr found 
objects to act as molds. The refractory cement 
poups easily , but it's be^t to use a stick to make 
sure there, are- no air bubbles ip the casting, 
he careful not to breathe the dry mixture, as 
it contains silica. Wu find that the wet mix- 
ture is easier on the hands than regular ce- 
ment, although it is still advisable to wctjr 
gloves. 

The internal stove parts are surrounded by 
Insulation;, which can bo wood ash, pumice 
rock, perlite, verrnkailiti', fluffy noil, etc This 
combination makes f$r a highly insulated 
stove. Tfn- outer, durable bos curl be rnady 
from brick, Lorena, cement block, etc. The 
■mass of the stqvft body, thermally isolated 
from, the .beat ofili^ fire, by the insulation. 

[J the internal parts are madej. from heavy 
amounts of Loretta mix, concrete,. or simply 
mud a t i'd clay,, then the overall efficiency of 
the stove will drop considerably due to ab- 
sorption of heat into the mass. Even high-mass 
stoves, however, will benefit from many of 
the desig:: patterns suggested in this chapter. 
The iowmiuss three-burnet Juste made from 
tin cans iveragud 33% efficiency, When we 
surrounded ii with mine than 75 pounds of 
concrete, the average efficiency dropped to 
24%. Tin cans, however, do not last, 


It is a good idea to design a stove to achieve 
as complete combustion as possible. Even 
though chimneys carry smoke out oi the 
room, chat is not a great solution if the smoke 
enters the neighbor's house through the open 
doors and windows. Designing tor “complete 
combustion 1 ' always scents preferable. 

Tu accomplish better combustion Larry insu- 
I ates at ou n d i i te CO rr i h Lis tior i cl tarn be r, a 

shell in the fuel magazine and i nr.! tides a 
Rocket-sty He chimney above the combustion 
chamber. A hot. fierce fine is a clean Are 

Larry also does not include dampers :ri itie 
chimney, 5 fa decrease in air is needed ii is 
better u> regulate excess air tiunugh tin: open- 
ing in in ili e combustion chamber Using a 
da n i per is so m ethi eg I i ke regulatj rig a i i 1 1 ov. 
into the car's carburetor by partially blocking 
the tailpipe with a potato! It's far better to al- 
low the proper amount of air into the carbu- 
retor initially. We want a small amount or hot 
air contacting the fire at high velocity. A small 
opening that aims air at the base of the tire 
will keep the fire burning fiercely Partially 
blocking the chimney slows down the airflow, 
and is therefore detrimental to clean combus- 
tion. 

Tire options and suggestions put forth an this 
booklet summarize a couple of decades of 
stove designing and testing. The general un- 
derstanding of how stoves work has m atured 
a lot since the early days of the 1970s. Hope- 
fully these design patterns will come in handy 
if you need a wood-burning cooking stove! 
Any of the Juste models are easy to make and 
tan serve as a primary source lor cooking. 
Add an pven by building an insulated box 
around the chimney, on top of the plancha. 
For a hotter oven, change the chimney shape 
from cylindrical to rectangular and include 
as much chimney in the box as possible. 
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Heating Water 



W e have developed five simple and 
successful ways of heating water 
over the years. Three of the designs 
use combusted biomass to warm water Th« 
fourth and fifth arc solar water heaters. A com- 
bination of wood burning in the winter and 
direct solar water heating in the summer 
seems to suit our maritime climate. 


Water expands as it 
h oozes {most everything 
else shrinks in size?) and 
pipes can easily be broken. 

That's why most commercial solar 


water heaters don't directly heat water Ir 
stead, a liquid!, like antifreeze, is, warmed u 
in the solar collector, and then the warmth i 
transfer t ed inside the house to a tank of w i 
ter. Directly heating water resulted in to 
many accidentally broken pipes 


Our water-heating efforts evolved a 
Aprovecho until wood warmed water in rh 
winter and sun did the same in summer. Thi 
strategy evolved because wintertime sola 
water heaters mostly burst while remain in. 
cold in the fog. We were cold and dirty am 
wanted nice warm baths! Using the sun to pie 
( 


Bfosi 


Aprovecho is located in a wonderful part of 
the planet (44 degrees north latitude) in a long 
valley nestled between coastal hills and mag- 
nificent mountains, about 50 miles inland 
bom rbe Pacific Ocean During the winter our 
weather generally alternates between gentle 
rain and fog. Sun breaks can be ran.-, as is 
snow. Om summers, on the other hand, 
are dry and warm, with daily aver- 
age temperatures in the 80s. 


In this climate, even fancy and 
expensi ve solar water heaters 
receive very limited winter 
sunlight. It's sad to look up 
at thousand -dollar solar 
water heaters which day af- 
ter day merely keep clean in 
the relentless drizzle. Be- 
cause oup winter nighttime 
temperatures dip below ffeez- 
i tig,, the solar water heater 
needs to be a pretty fancy de- 
sign, one that is filled with 
anti-freeze or knows when to 
drain itself. Anything full of 
water tends to expand and 
crack. 
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heat water, chat was then fhlJy warmed by 
ether means, was not judged worth alJ i lit; 
expense and hassle. Stored solar energy, in 
the form of wood, could be used in die win- 
ter. and direct solar energy made lots of wa- 
ter scalding hot all summer long. 

Ifyou live in a continually sunny climate, so- 
lar-heated bath ware 3 Is certainly the way to 
go. h's especially easy to accomplish in places 
where temperatures do not go below (reel- 
ing. In Baja California Suit, Mexico, eight 
inches of water in a dark painted cistern with- 
out a glass cover was usually more than 100 
degrees F. by late afternoon. An insulated 
cover provided hot water tor the morning's 
dishes. TVy simple solar first ifyou live in a 
sunny climate! 

The Winiorski Batch Water Heater 

In Mexico, outside of a tot of bathrooms, and 
for sale at fancy 'Alternative Energy" stores 
in 1 hr; US, you can find a Mexican-made wood- 
burning batch water heater it's called a batch 
heater because you heat up a tankful of wa- 
ter at a time The lire, is located underneath 
the tank r>J water and the flame and hot flue 
gases shoot up the middle of the tank through 
a 3 "-diameter chimney. The chimney is 
welded to he watertight Heat from the flame 
warms the water in the tank, which is driven 
under pressure out of the top of the tank, to 
the nozzle that wets the lucky recipient. 

Whej} Larry looked at this, design, he imme- 
diately realized that by simply changing how 
the chimney contacted the tank he could 
greatly improve the efficiency of heat trans- 
fer and heat the water using much less fuel. 
What do you think Larry did? 

Please take a minute to contemplate solutions 
to this problem, Tire following illustration 
shows how the Mexican model wor ks 


Right: Heal Shoots Up the 
Middle 

Please led free to jot 
down your ideas. (See 
pages 4 5-4 8.) How can 
we increase heat trans- 
fer to the water? 



Wafer f fearer 



i#zA jf fit 4 1 Fp>w 


Larry realized that the 
area exposed to the. 
water inside a ^"-diam- 
eter tube was pretty 
small. For efficient 
heat transfer you want 
as mu ch wate r surface 
area as possible ex- 
posed to the heat cre- 
ated by the fire To ex- 
pose the most surface 
area, Larry put lire 
chimney around the 
outside of the entire 
lank instead of inside 
it This solution is 
reminiscent of his 
bread oven Heat trav- 
els up a narrow gap, 
Tubs against the water 
lank and efficiently 
heats up the water! 

fiiVfi: hivTfii'irrig' ifu-: 

Exposed Suifeicr Awe 
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To make sure that the chimney created ih<; 
same amount of draft Larry estimated the 
cross-sectional area inside die tube, 



Same CrasS'Sectioiml Area 

Then he made sure that the gap between the 
tank and the new tug chimney pipe created a 
gap with about the same cross-sectional area. 
Using the same cross-sectional area made the 
gap (called an annulus) between the two cyl- 
inders pretty small so small that it might get 
clogged with creosote or ash. So. he compro- 
mised and made the gap 3/4'. and lit an ex- 
perimental fire underneath the tank with its 
exterior chimney. It worked great! The draft 
was swift and the water got hot quickly 


Larry then did 
two other 

things: he tried 
to optimize the 
combustion and 
to further in- 
crease the heat 
transfer to the 
tank. What 
more do you 
think lie did? 

Check out the 
completed de- 
sign on this and 
the next page: 

DiHimd-naftf 
Dr/ionfed Butch 
Water Heater 



Let's look first at the combustion and feed 
chamber There is insulation surrounding die 
entire fire and fire flow path. The insulation 
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Dawndrafif 

Dowafeed 

DtJtvndrfl/i/ 

Batch Water 

EWrt/iitid 

Hearer 

Batch 

keeps the fire 

Water 

Hemet 

hoi for cleaner 
combustion and 
thermally iso- 
lates the stove 
body from the 
heat. Not much 
heat is lost use- 
lessly into the 



stove body. 
Wood ash works 
well in stoves; it 
won't bum and 
is available 
wherever there 
am; fi res' As von 
can see below 
wood ash is 

comparable to asbestos and is usually free! 

Notice that Larry chooses to use the 
downdraft /do wnfeed pattern for I ceding the 
sticks into the combustion chamber The 
sticks are presented to the lire vertically and 
burn at the bottom. The fire is swept hori- 
zontally toward the tank by the draft created 
by hot air rising in the oven and chimney. 




Wood Ash hi ln*nlflril*H 


Material 

Specific Heat* 

Density** 

Conductivity 

Asbestos 

. 20 

36 

. 007 

Wood ash 

+ 20 

40 

. 092 

* Bin's to raise 1 lb. 1 degree F. 

‘“lb /cubic feet 




■ " * BtiTs per hour per square foot divided by depth (in feet) 
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f 

Left: } .) Downfeedj 
Dcuiiidra/r 


Right: I.) 
Downfesdf 
n'irn 

Cower 


Hoi ait assists complete combustion. Allowing cold air tmo 
die combustion chamber can easily induce temperatures. In a 
downdraft design, a brick or a atone blocks too much air from 
being pulled into die fire and helps I he slicks to remain vent- 
ral. It's also easy to put a lid over the downdraft fuel magazine, 
allowing the tight amount of ait into the fire. You can put a 
door over 1 JJ ddefeed entrance as well but this option ls often 
left unused <■ removed. (Although d invoiced is theoretically 
preferable, most people like the convenience of sidefeed.) 


Downdraft describes how the air 
roaches the fire. This pattern pro- 
vides the most preheating of air. 
T h e se il \ us i ra 1 i o n s s ho w ho w 
downdraft creates the best preheat- 
ing of air Air is sucked down to- 
wards the fire and is heated on the 
journey This happens less m bodi 
side feed unci topbumitig patterns. 


T/iii page: Pcttamj 0/ Combustion 
I Dt 1 u-ti/V: cdj D o Wfndni ft 
2 ) Don -n/i^L’Jj'Divu-ndra/i li-jrfi Cover 
3, J .ildiJC'-d/HunjimijCL Dmft 
4J Batch Feed/i.Jpdraft 


Llk: 3.) Sukfedt 
Hotitphtal Draft 


Right: 4..J 
Butch Ftudf 
Updraft 
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First a design question for you: 

We noticed something odd in our stove tests. . 

If you are measuring the amount of wood 
burned and comparing that to the tempera- 
ture rise in a quantity of water, what is more 
efficient: heating a full pot of water oi a half 1 
full pot of water? 

Think about the amount of the pot's surface 
area in contact with the water before answer- 
ing. 

It turns ouc that efficiencies rise as more of 
the pot is filled with water. As well, bigger 
pots are more efficient than smaller pots. A 
realty big pot, tike a big steel drum, has a con- 
siderable advantage over a smaller pot. It is 
inherently more efficient (if you need a lot 
of hot water or food). 

That's why when testing stoves it is neces- 
sary to use a standard pot in all tests. Bigger 
pots arc better heat exchangers. 

What f love about this design is how cleverly 
Larry incorporates a sealed skirt around a 33- 
gallon H pot. M 'Ib make this 35%-effldeTit stove, 
you need to do the following: 

Take the re seal able lid off of a 55-gallon drum , 
Place the 33-gallon drum in the middle ofthe 
ltd and scribe the circle. Cut away the inte- 
rior ofthe circle BUT leave 2"-long tabs that 
will fit tightly against the 55-gallon drum. (See 
diagram.} IfyouTe careful, the lid will make 
an almost airtight fit. Stove cement tan seal 
the connection if necessary. 


You will notice that it is possibie to locate r r 
firebox dug in the ground Tiles or stum 
make the combustion chamber chat is bad 
filled with wood ash dr pumice rock or ol hr 
natural insulator* * such as perlite orvermici 
lite. Bricks or stones hold up the 33-gal lo 
drum, which will be quite heavy if .filled wit 
water. [One gallon of water weighs about 3. 
pounds.} 

Larry does not show it in this sketch, but ft 
greater efficiency one could insulate arou.u 
the outside ofthe 55-gallon drum in the sain 
manner as with the bread evens. 



The lid stays with tine smaller drum when it Sudanese Gratky Wiittr Heater 

is removed from within the larger dram for 

cleaning. Hot flue gases travel up in the an- Why not take a minute to think up a few way 
n ulus between the two drums and exit out of to design your own water heater? (Sec page 
A (T-diameter chimney pipe located on the 45-43.) What pattern would you choose fo 
opposite side of the fire. the combustion chamber? Where should th< 

^ 
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Insulating the heat How path includes insu- 
lating amuiLci the water tank and chimney- A 
third metal cylinder, obtained from a larger 
water heater, surrounds both interior cylin- 
ders. The space between the second and third 
cylinder is filled with insulation, Any kind of 
insulation (that will not hum) will work but 
]| is often easy and compelling io use alumi- 
]lU]el iinl in these types of applications. 

Aluminum foil will block the radiation (nr in- 
frared heat) and direct it back at the water. 
But aluminum foil is also very conductive. 
Where aluminum foil touches metals, or it- 
self, heat will instantly pass through it. A solid 
bridge or foil between two cylinders will shoot 
heat through to the outside. The trick with 
aluminum foil as to make up a blanket of four 
or five layers of foil., air, Foil, air, foil, air, etc. 
The thin layer of air between each sheet ere- 
ates the irtsulative effect while the layers of 
shiny foil almost completely block radiation 
heat How. Although this sounds difficult it 
seems to work well in practice. A spiral of 
roll can be wonderfully effective insulation, 
easy and cheap. 

Foil will degrade if exposed to high tempera- 
tures So aluminum foil will not last around a 
combustion chamber, but it will do great 
around a space where working temperatures 
tend to stay below degrees F, foil lasts al- 
most forever around h baking oven, for example. 

I he batch beater used a foriy-gallon tank from 
an electric water heater. The sheet metal for 
the exterior chimney came from its nice white 
cover. The gap between the two even hap 
pfined to be 3/4". Perfect! Small bricks hold 
the tank up above the fire Of all ihc wood- 
fired heaters we have used this is by far the 
preferred model. It is easy to use and almost 
free to make in the US, where old water heat- 
ers are trash 


At Apruvocho, our best model lasted through 
many daily showers for five years before the 
tank burned through. It used little wood, and 
heated 40 gallons of water up to bathing tem- 
peratures in less than 30 minutes. Keeping 
the fire going as people are bathing makes a 
never-ending source of hot water available. 
This design Is highly recommended! 


Tki Ivdikcfi llvn 

This stove represents perhaps the simplest 
wav to heat a large quantity of water (or food) 
Using nothing more than two steel drums, a 
33- and a 55-gallon drum And, in our tests, it 
outperformed the regular smaller Rocket 
cooking stoves. Lariy designed it for the Red 
Cross who needed inexpensive: large stoves 
to feed refugees in the Sudan. 
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exit tube be placed— near the cop or bottom? 
I'm sute that your design will be better suited 
to your life than ours is! What materials 
around your place could be changed into a 
stove? 


An Inalnntanttvi, On- Demand 
Wood- Fir* d Water Ifoelor 

We broke down oite long winter ago, in the 
early '90s, and installed a donated Palorna on- 
deinamd instantaneous propane-fired water 
heater. It liad cost ROR dollars but was too 
small for the restaurant's dirty dishes. So we 
received it as a donation!. After one year of 
watching the lovely thing heat water just be- 
fore it was used, the students and 1 got to- 
gether 10 design and build its wood-fired re- 
place me nt. 

Like too many of the prototypes that wc build, 
this wood-fired on-demand water heater re- 
el m red too much tinkering, more than most 
of us would Teally want to do. Rut, when all 
systems were "go." the stove made beautifully 
hoi water, at a constant temperature. Interns 
and staff could bathe luxuriously, content ir. 
the knowledge that no tank was being emp- 
tied. No one down the line, towel in hand, 
was being selfishly deprived. We had also built 
a water heater that worked without using a 
tank— something unavailable in a Iol of poor 
countries. 

The big problem with this stove was that 
people would turn off the water flowing 
through the pipes before dousing the ftra. The 
explosions as water turned to steam either 
blew the safety valve or tore apart plastic pipe. 
This made for exciting bathing! There's noth- 
ing like a good explosion in the shower stall, 
while you're nude and wet, to clear the men- 
ial haze of comfort and naive relaxation. 

A Paloma water heatCT, you see, only lights 


the fire after water is running through the. 
pipe, ft also will only light the fire, automati- 
cally, if more than 1 ,R gallons per minute are 
flowing through the boating chamber. Our 
little wonder wasn't nearly so smart. Its safe 
use depended on human wisdom, which is in 
as short a supply at AprovcdlQ as elsewhere. 

In this manual design, people had to be smart 
enough to regulate fire and flow. Generally, we 
found that this very simple stove worked for 
those of us who loved it as our own creation It 
was a cute little monster. But, like a lot of the 
less-t han-perfcct A T devices, our bomb was 
scorned and derided by the wider Aprovecho 
community, who were not so glad to end a 
shower with submarine-like disasters. 



The d esign is included here because them ate 
many places in the world where it is impos- 
sible for regular Folks to obtain a water tank. 
If tanks are not to be Found, it is possible to 
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create a lively substitute that you can pnol> 
ably design to be perfectly salt: f But mu sage 
advii tr. is th 1 1 heating a batch of watet is prob- 
ably inherently safer than trying thj on-de- 
mand service 


Stems Simple /Tnpugli 

rbe great attraction of instantaneous designs 
is the LLfji.; of pipes or topper tubing. Thisorie 
had. 40' of I 2" copper tubing. Using a moder- 
ate Ihr: the water temperature rose an aver- 
age of-hS degrees K at two gallons per minute 
f] o '.v Bath wh ( eris nsu ally arc u nd 1 05 lJ i ig ret : s 
F, su wc needed to add a bit of eold water to 
the rnix for comfort. 

As you can see, the copper tube, was r:i into 
two Mu' lengths and forged into iwn concen- 


tric spirals. We wanted to make the hot 11 
gases bounce between the pipes so dial t 
heat was tubbing* the tubing, not flowing p c 
it What we wanted was something like 
closely packed pinball game where the b 
{the beat) constantly ricocheted between t 
cushions {the tubing). 

The design neatly divides itself into combi 
1 inn and heat-exchange categories, l hr ecu 
bustion area uses Larry's prefbm 
do 'i i ui ra ti. / do wnfe ed a rra ngfi n i e n i . Insu' 
lion surrounds the ’.vails of the combustn 
chamber, which were made from a iv-dru 
filer steel chimney pipe. Two straight sec tin 
and two elbows easily slipped together crci 
mg a sleeve that lasted tor about rwo veart 

Remember when making downfeed $ystcr 
ihaL the Iced tube should be as lew as pc 
sible. 



Oou'it/eed PlUl.jtti in f ri t: i il::; l+:; \t’arer 1 fra re- 
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Ir the feed mb* ] too high Lt can func cion as 
a chimney and ft nco linage back drafting. A 
cover with an air hole cut m it can close off 
the top of the I end tube. This greatly assists 
hot burns. Covering most of the big opening 
gives immediate proof that cold room air cools 
both combustion and oven temperatures. 

The hole in the cover can usually be about Li’ 
iri diameter Keeping unnecessary cold an 
from the iire is very helpful. Tfenipera turns 
in Lhe. hem exchanger will rise In about 75 
degrees P when the cover is in place. Make 
sure that thr an hole is large enough / visu- 
ally inspect the lire through the hole) to en- 
courage rapid, fierce combustion 

But be careful when removing the cover. If 
the feed tube is filled with smoke and the 
cover is rapidly removed, it's quite possible 
to ignite the smoke trapped in the feed tube. 
This explosion can rush up the tube and cover 
furniture with ash a dark reminder of the 
power hidden in unco mb listed fuel [smoke]! 

For this reason we generally do not have in-; 
i ern s com pi e tel v cover the feed t ubr A brick 
doe* nicely to hold sticks in a vertical posi- 
tion and regulate the airflow. 

The neat mirk in this design, which assists 
effirieni brat transfer, is to have the, Luhing 
contained within the annulus, between tin- 
a"-diametcr outer stove pipe and a 4'Sdiain- 
crer stove pipe which is closed off on the bot- 
tom and top The only function of the inner 
chimney pipe is to divert the heal. Without 
it, the heat would flow up flic middle of the 
flue a ltd much less heat would end up in I lie 
water, 

The last part of ibis system is the but kel that 
acts as a safety reset voir. I like the bucket a 
lot. To me it symbolizes the simplicity of a 
good A.T. adaptation. 


We were bothered by unexpected spurts of 
too hot or ion cold water mining out of the 
nozzle. A nameless intern punched holes in 
the sides of a ptaaUi bin ket, three inches up 
from i lie hot torn of the bucket, and hung Li 
below the shower nozzle The holes were big 
enough to drain water faster than it Filled the 
bucket So, the water had n chance to mix a 
bit in .1 small reservoir rirsi before contacting 
the helpless human below. In this simple way, 
Ihr water tempo rat urn 1 was moderated and 
hat ] icr$ 1 v. :.j mu mom sect ire I jj ve that si m pit 1 
solution! 


A Solar Water Healer 


I'm not sure bow old Aproveuho's hutch solar 
wan. i luc.ri i is; I do know I ha I ii's more than 
ten years old, predating my arrival Since tin 



Batch Sokr Water Heater 
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thing probably cost ten bucks to make, l would 
say that we have received better than fair scr- 
vice. 

Heating bath water can be pretty ft Ilk sent 
because the water doesn't have to get 100 hot. 
On a sunny summer day, the air tempera- 
ture averages fifl degrees F. or mo re. Bath wa- 
ter needs to be only around 100 degrees F. 
The hot water in our batch heater gets to a 
maximum of 1 BO degrees E The slight differ- 
ence in temperatures [the Delta T) helps to 
reduce loss through the glass. A solar oven at 
300 degrees F. is very much hotter than the 
outside air and losses arc greatly increased. 


Tt> create an efficient solar water heater it's 
better to get more water to 100 degrees F. than 



hatch Solar Water Heatmj; Works r 
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to heat a smaller amount of water up to 
130 or 140 degrees. Ids best to size the i. 
so that temperatures do not exceed 100 
grees F. by a great margin At Aprovecho c 
mg our warm summers this translates t 
40-gallon tank. At th ft end of the day the 
ter is hot enough for comfortable bathing, 
not so hot that more heat escapes through 
glass cover of the solar water heater, 

Farrington Daniels must be a very likely c 
didate for father of appropriate technology 
it is accepted that Maria [bikes was mot 
and E.F Schumacher the high priest. In 
wonderfulbook, Direct Use. of the Sufi's Enei 
Daniels describes how 5£% efficiency t 
obtained when the difference between u 
and outlet temperatures in a solar wa 
heater was 60 degrees F- Efficiency fell to 3 
when the difference rose to 100 degrees 
little difference in the Delta T really affc 
efficiencies, 

There are four design principles that re.: 
in a good batch solar water heater: 

1 ) Large temperature difference# (large Delta 
create rapid [oss of heat. 

That's, good in heating stoves but bad in a 
lar water heater. We want to increase i 
amount of water in the tank until it get; 
around 1 00 degrees F., but not much hot 1 
by day's end, We want a small Delta T. 

2. ) Reduce l&sses from the solar ivater hec 
all puss this LL.'cuf.s. 

Insulate inside the box. Use double panes 
glass as a transparent cover. 

3. J Increase imoiathtm. 

Add north and south reflectors, to the box. E 
and west reflectors shade the glass. Fositt 
the box so that it is perpendicular to the su 
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Absorptivity Table 


(The fraction of sunlight that is absorbed 
and then emitted as infrared heat.) 

White, smooth surface 

0.25 to 0.40 

Grey to dark grey 

0.40 to 0.50 

Green, red, and brown 

0.50 to 0.70 

Dark brown to blue 

" ' ■ ■■ "p 

0,70 to 0. SO 

Dark blue m black 

\)M to 0 90 

Handbook of Air Conditioning and Heating, 
1965 
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average position above the horizon . Also in- 
clude reflectors inside the box to aim sunlight 
at the sides of the tank. 

4 j Most importantly, i ncrease as much as pos 
mbit the ratio of sun-exposed surface area to 
uwafer uoJume. 

A cylinder full of water has a poor svrfiacc- 
area-to-volume ratio. A flat rectaatgulaT box 
will heat tip water more efficiently. Unfortu- 
nately, tanks are easier to find. Shallow boxes 
are not very hand to make, however! 

The batch heater is made with the 4Q-gallon 
tank from an old electric water heatet. It was 
stripped of the outer cover and painted flat 
black. Flacblack surfaces will absorb and (ben 
emit as infrared heat about 90% of the incom- 
ing sunlight. Lighter colors like green and blue 
absorb only 60% to 7D% of sunlight White 
paint, especially when shiny, reflects up to 
&'_!%. absorbing only 10% of the sun's rays, 

Borne frog eggs are black on one side and 
white on the othei side. Tf the egg is cold it 
rotates to expose the htack side to the sun. If 


it is too hot it turns the white side cowards 
the son, By rolling around, the egg controls 
its internal temperature just like a great little 
solar water heater 

Our solar water heater is not so fancy. Hu- 
mans made it, after all! It is just a used hot 
water tank, painted black, sitting inside a ply- 
wood box with a glass cover. The back of the 
flat black tank rests on top of a piece of 
Styrofoam, centering it in the rectangular box, 
Styrofoam doesn't conduct much heat away 
from the tank Tf the tank were supported by 
metal cbjs would create a conductive bridge, 
through which heat would be lost, 

The shiny sides of the box. made from sheet 
insulation, arc angled so that sunlight hitting 
the sides is reflected onto the black tank. The 
box is caulked and is relatively airtight. Hot 
water is taken out from the Lop of the tank 
and cold water fills in front the bottom. 
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Because we had it around, we settled for one 
sheer of glass to cover the box, In our climate 
the water gets hot enough without the added 
expense of double -paned glass. The air gap 
between two sheets of glass greatly increases 
the snsubtive value of the glass. Remember 
that a single sheet of glass has almost no re 
distance (R) to the passage of heal. 

An inch of wood is equal to about 1 R. A pane 
of glass is about ,3 R One-mch-thlck sheet 
insulation is about ? K, The new, argon-filled 
windows in the straw bale dormitory M 
Aprovecho are around 4 R. backed earth has 
an R-value of about .25 per inch. 

Iti a cold climate, double panes are necessary, 
Ai night, it's very helpful to cover the glass 
with insulation. The- reflectors can be added 
to the top and bottom of the box so that their 
shadows never touch i he glass. Reflectors on 
the side of the box cannot be used, because 
they would block sunlight in the morning and 
evening The reflectors, increase the square 
footage of incoming solar energy so the de* 
signer can use a bigger tank. 

The box and tank are aimed at the average 
position of the sun. That's easier for us since 
we are only concerned with summer sun 
angles. If the water heater is to be used all 
year long it's necessary to make the box ad- 



justable, Our latitude Is 44 degrees north Le 
tie the simple math to figure out the best ana 
for our batch solar water heater 


Our latitude, 44 degrees, subtracted from 1 
degrees is 46 degrees. 45 degrees plus Z3-an 
1 (2 degrees (which is the earths dedinatio: 
is fig-and’I/2 degrees. That s the highest th 
the sun reaches above ihe horizon tn sui 
mertime. 

44 degrees subtracted from 90 degrees is 
degrees. 46 degrees minus 23-aud- 1 /2 degrr.- 
(again, the earth's declination) is 22-arid-i 
degrees. That's the lowest the sun reach ■ 
above the horizon in the dead of win ter, 

Since we use the solar watei hearer only 
summer, we aimed the box so that its wi 
dow would be perpendicular to the summi 
average sun position, which is so mew he 
around 60 degrees above the horizon. Th 
meant that the box was inclined degree 
from the horizontal to intercept the mo 
amount of direct sunlight. (90 degrees a pe 
pcndicular or right angle, minus 60 degree 
the angle of the .sun, equals 30 degrees, tl 
inclination of the top of the box. ) 

Luckily, close is good enough. Glass ts vei 
transparent and we don't ■start losing a lot i 
energy by reflection until the sunlight is at 
sharp angle to the glass. And as long as tl; 
box is aimed pretty i lose to the average dail 
sun above the horizon, losses arc negligibl- 
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You don't start losing appreciable square Foot- 
age of sunlight until lh« box b, very badly 
aimed. There's usually less than a 10$; drop 
in efficiency even if the collector is pointed 
45 degrees away from true south? [jEhyiroH- 
j > umtal B: i ! i m i Ne ws , J uly/Aug u si , li 099 . i 

Tire tank is plumbed under pressure. When 
hot water is withdrawn cold pressurized wa- 
ter flows into the tank, pushing the hot water 
onto tire bather. In Mexico, lots of people Fill 
black tanks on their roofs in the morning. By 
evening, they have a tank full of hot water, 
which makes a shower by gravity, 

How much hot water can we make? 

The box i:$ 4' by S' Thai makes 32 square feet 
oJ intercepted sunlight Tin; interior reflec- 
tors direct almost all of the sunlight to the 
tank, The 5 hours around noon contain most 
of the daily input of heat energy, [fwe have 5 
hours of strong sunlight during an average 
summer day. and if the average number of 

Jim's per square 
foot per hour is 

sunlight 300, then we cal- 

culate as Follows: 


* 5 hours/ day :t 
200 Btu f 5[sque)re 
foot )( hour) 
1,000 B(«V 
square foot pm 



day. (This is another good rule of thumb num- 
ber’) 

* 1 ,000 Btu's( square foot) (day) x 32 square feet 
- 32,000 total Btu's per day 

So something like 3 2,, 000 Eitu's of energy hit 
the top and sides of the water tank. 

Now, here's the hug question: what percent- 
age of the total Btu's actually makes it into 
the water by day's end? 

The Delta T is low so were not losing heat 
very rapidly through the glass although dir R 
value is negligible. What hurts this design i-s 
that there: isn't an optimized amount of hot 
surface area passing beat to the water. The 
Optimal arrangement would have the most 
amount of hot metal touching as much of the 
40 gallons as possible. 

A 6-long cylinder 2' in diameter has about 40 
square feet of surface area. [The diameter, Z\ 
times pi [3.14), equals the circumference, 
about 6 r . The circumference, 6', tunes the 
height, 6', equals 36 square feet, which is the 
surface area. If you add a little for the top 
and bottom you get something like 40 square 
feet,) Only the top half of the cylinder is hot, 
however, The bottom half of the cylinder is 
in the shade. So about 20 square feet of metal 
is trying to heat 40 gallons of water. 
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Then; is about one-half .square foot of sun- 
exposcd Surface area per gallon In the water 
tank. A good collector has to have? a higher 
surfaco-area-to- 1 volume ratio. So due to a lim- 
ited effectiveness in heat transferability, our 
hatch heater will be only moderately efficient. 

Great solar water heaters can be 70% efficient. 
They achieve these incredibly high efficien- 
cies by insulating the glass covet (so mot imes 
even using a vacuum, the best insulator), by 
optimizing the surface-oraa-to-water volume 
ratio, and by keeping water temperatures low, 
As a rule of thumb a simple cylindrical batch 
water heater will probably be around 30% to 
40% efficient, give or take a bit. 

We go back bo our equation; 

First, we'll assume that something like 4£1% 
of 32, .000 Bcu's make it into our 40 gallons of 
water 

Since it's best to underestimate performance 
well simplify and round down te 1 2, r 0D0 Btu's 
getting into the water. 

Water weighs about 8.3 pounds per gallon. 

* 8.3 pounds/gallon k >10 gallons - 332 
pounds. 

One Btu heats a pound of water one degree 
F., so our 12,000 Btu J s would allow us to heat 
12,000 pound* of water one degree F., or 1 200 
pounds of water 10 degrees F., or 3 20 pounds 
100 degrees F., etc. With 332 pounds of water, 
we find that: 

• 12,000 Btu's jt (1 degree F. temperature 
risc){I pound of water)/ Btu + 332 pounds of 
water ™ 38 degrees F: temperature rise. 

So, if the water starts at 60 degrees F. r we end 
up around 06 degrees F, which is nice for 
summer bathing. Maybe four people can wash 


both feet and hair every afternoon, ff eve: 
body wants to shower everyday at Aprovec 
we need to makfi six of these solar batches 
make bigger designs. 

This simple system has worked withom 
hitch fora decade. We highly recommend 
It is inexpensive, and works without main 
nance. Steve Eaet, who has tried for dccad 
to promote honest, engineered simplicii 
invented it thirty years ago, Just remernt 
to size the tank to your daily solar input a' 
personal needs. 

Please consider taking a few minutes, to t 
velop your own simple solutions to inerti 
mg the surface -axea-to- water-ratio problem 
hatch solar water heaters. Cylindrical lan 
are easiest to find, but other shapes are b> 
ter heat exchangers! Greater efficiency cqu; 
longer showers! Check out the amazing c 
Signs on pages 45-48! 

An older design used in rural Japan wot 
very well and consists of a simple wood 
tray 3 r by ff f , The tray is lined with black pb 
tic. A double glass cover helps to insulate t! 
box. The tray is filled to a level of four inehc 
which makes for 45 gallons of water. The i e. 
is horizontal, sits on the roof a lid quite eaj: 
bly provides hot water. The farmer fills it 
the morning and drains it as needed after i 
turning from work. 

We made a Japanese- type solar collector i 
ripping the fancy guts out of a donated sol 
water heater. The students had a great tin 
removing the expensive tubes soldered 
metal fins. Removing the parts left a simp 
tray covered with glass The expensive pai 
had developed a leak as they almost alwa_ 
do. 

We tilled the remaining tray with four inch 
of cold water This large tray had a great 
surface-3 re a-to- volume ratio chan oar o 
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favorite heater made from a tank When wc 
compared results, the Japanese tray was 51 % 
efficient, compared to the tank at 39%. Even 
though the tray was flat on the ground, not 
aimed directly at the sun, it was signifies nlly 
better. And it pointed out how- Sample works! 
Batch heaters are great, simple, and can be 
highly efficient. And sometimes simplicity is 
much , m ueb better t ha n n red I ess ton ip I ejt ity. 

And Th«n 

solar works well if there's a lot of sun, like in 
our summers, Rut we can't expect a diffuse 
energy source to heat water or food or homes 
on earth very well when douds obscure its 
warmth. An architect can talk a blue Streak 
about how well a. passive solar house will work 
in Lhe t ain. A salesperson can brag about how 
hot 1 1 te newest solar cooker can get. But any- 


one can add up a few numbers and pretty 
accurately predict solar pcrtbi marine. 

Hopefully, Capturing Hes r One and Th-tf have 
provided you with a feeling for the potency 
of solar energy. Living with direr t solar. de- 
vices quickly shows the power and limitations 
of direct use of sunlight. Before building a 
solar cooker or solar Water healer, iL serves 
well to da some simple math to see how the 
design can be expected to perform. If it Ls 
sunny, the apparatus will probably work very 
well if you have Opt indeed the heat transfer 1 
But solar heat is not magical. When it's cloudy 
or foggy at A pro veche, we usually turn to the 
concentrated solar energy in biomass 

Biomass is and will hr; ihfi concentrated solar 
battery of the pool I fit is available, wood pro- 
vides natural warmth and even power for in, 
dustrial applications. Unfortunately, trying to 
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rep] .acc dependency on biomass with alter- 
natives such as photovoltaic^, wind power 
water power, etc. is an option available only 
to the wetl-io-do Even 50] ar conking and so- 
lar water lie ating are very expe n s iv e fo r m os( 
poor folk around the world. 

[fa concentrated sol.ir energy source is used, 
hke wood Or other biomass, please remem- 
ber that using it at a faster race than it repro- 
duces assures scarcity. Using direct solar is 
goilt tree, but when u-sing stored energy-', it 
is always tempting to use more and more A 
forest is wealth, and like wealth, it needs to 
be guarded. If we use natural resources at 
less than the rate of growth, forests and nil 
fertility will grow into a balance of pie my 
again Using at less than the rate of growth 
can replenish the land, seas, and all that 
grows there. 

When humans are selfish and use more than 
grotvs, our natural wealth and security begin 
to disappear and life becomes harder, We pres- 


ently live in such a Condition Wr. live 
world that we have emptied of animals 
plants, of buried riches, even of clean v. 
and air. 

A good firm shows the world that bu 
habitation can be beneficial A good city 
show the same, as well. One human life 
demonstrate sustainable practices or no 
time passes, human activity and the bar 
creates focus attention upon each perso 
a steward of this planet. When harm 
ceased, then harmony can become organ 1 
1 1 1.1 rm al a nd I aw ful . Sel f- in fi i r; t cd hu man 
ferinp will be historical proof that min 
stewardship is a trust fulfilled by a matu 
species. 

We sincerely hope that the Capturing 1 
series is useful to you and yours please 
us whenever you can If possible, stay to 
sign, work, and learn with us for ten we 
as an in Lem, Or check out the A prove 
ho me page at http: ' / w vv w, e fh . org/ ** a pro 



J.any Iff'tntorslii and info friends from Kenya with a Sudanese Water Hauer 
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Morn Designs 


Order Form 

Please send me 

copies of Capturing Heat Ont, $7 postpaid 

copies of Capturing Heat 71 tw, $8 postpaid 

1 "Pi'-'s of Capturing Hku It tree. SB postpaid (available in summer 2000). 

Enclosed is my $30 Aprovecho membership Contribution. 

— 1 would like lo make an additional donation to Apmvnoho's work: 5. 

Name Phone, 

Address E-mail 

City State, Zip 
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Afiroveelid Research Center 


Aprovecho is a non-profit, membership-supported 
organization . Dues are $30 per year and include a 
newsletter detailing results of current research. 

We also offer a ten-week internship program for people 
who want to learn about organic gardening f 
sustainable forestry ■ indigenous skills, and. appropriate 
technology. Sessions begin in March , June, and 
September in Oregon. Classes (9 am-5 pm Monday 
through Friday) include lectures, discussion , practical 
work , and field trips Please contact Aprovecho for 
co m pi etc i nforrrt a tio n . 

Our phone number is (541) 942-8198; fax (541) 942 
0302 Plea sc ca ll in adi tance of yo 1 i r v isi t . If yoi i woi i Id 
like written information , please send a SASE to 
Aprovecho Research Center, 80574 Hazel ton Rd., 
Cottage Grove, OR 97424. Or you can check out our 
we bsi t e . h t tp : / / un vw. efn , o rg / ™ up ro 


Aprovecho Research Center 


Aprovecho is a center for research , experimentation , and education 
on alternative technologies that am ecologically sustainable and 
culturally responsive. Our fields of study include organic gardening, 
sustainable forestry, indigenous skills, and appropriate technology. 

> ne center is located on a beautiful 40 acre land trust near Eugene, 
Oregon. 


Since 1976 . Aprovecho Research Center has been involved in 
developing energy-efficient and non-polluting inventions that reflect 
current research hut which arc designed to be made in most any 
country The tools are designed to be self-built and self-repaired. 
The technologies are used at the Research Center Students and 
staff are constantly working to improve designs for efficiency, ease 
of use, a nd genera 1 1 1 tilt ty. 

Aprovecho is largely supported by its internship program , Three 
ten-week semesters are offered per year Classes are both lecture 
and hands-on, providing the college-aged or older student a chance 
to live in and learn with a community of teachers dedicated to 
sustainable living and voluntary simplicity. Please contact us for 
further information , 


Uliiitinmil copies <il thi.s hook arc indiljlik: for Sit jiasLpiiitl Emm A provecho 
Research Center, iKlr»?4 Haze l ton R d. r Co tu S r f.irovc, OR 97424, (541) 342-81 98. 
Copies ;*rir .n.iihihlr for the cost of posuge to those working to benefit the poor 


